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The process of wound healing sets in motion a complex 
and dynamic series of events, which includes the re-
modeling of the extracellular matrix. Degradation of 
matrix macromolecules is mediated through the ac-
tions of the matrix metalloproteinase family. Con-
versely, the actions of this enzyme family are regulated 
by tissue inhibitors of metalloproteinases (TIMPs). In 
this study, we have developed riboprobes derived from 
human cDNAs representing collagenase, 72-kDa gela-
tinase, and TIMP and have found them to be suffi-
ciently specific and sensitive for use in in situ hybrid-
ization studies of porcine burn wounds. Expression of 
these mRNAs, although not seen in uninjured skin, was 
found to be a predictable and locally distinct event in 
wound repair. Transcripts for collagenase and TIMP 
but not 72-kDa gelatinase were detected at the resur-
facing epithelial margin; label was also detected in and 
around follicular epithelium within the wound bed. 
Following cutaneous injury, the process of wound repair sets in motion a complex and dynamic series of events in which the cellular and extracellular components of the skin are returned toward normalcy. Degradative mecha-nisms play important roles within the wound environ-
ment and likely are responsible for the removal of devitalized tis-
sues, ongoing epithelial-mesenchymal interactions, angiogenesis, 
and the remodeling of the newly synthesized macromolecules of 
the extracellu lar matrix, both acutely and throughout the pro-
longed period of wound maturation. A fani.ily of matrix metallo-
proteinases, including interstitial collagenase, the stromelysins, and 
gelatinases, has been implicated in this reparative process (1,2) . 
Conversely, a family of glycoproteins known as the tissue inhibitors 
of metalloproteinases or TIMPs serves to limit these degradative 
forces [3,4J. 
In the skin, interstitial collagenase (MMP-l) appears to be re-
sponsible for the degradation of collagens I and III and also displays 
activity against anchoring fibril collagen, type VII (reviewed in [2]). 
Interstitial coll agenase is produced by a number of cell types includ-
ing fibroblasts (5), macrophages [6,7), endothelial cells (8) , and ke-
ratinocytes (9). This enzyme is rapidly secreted in its proenzyme 
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Transcripts for both metalloenzymes and TIMP were 
found throughout the viable dermis and subcutaneous 
tissues underlying the wound bed. However, expres-
sion of 72-kDa gelatinase was most prominent in the 
superficial dermis adjacent to the resurfacing epider-
mis at the wound margin. Collagenase and TIMP tran-
scripts were particularly prominent in a perivascular 
pattern in the dermis and in the connective tissue net-
work surrounding adipocytes in the subcutaneous 
zone. Numerous cell types appeared to be involved, 
including keratinocytes, fibroblasts, macrophages, and 
endothelial cells. Future exploitation of this porcine 
thermal injury model is likely to provide information 
about the spatial and temporal patterns of matrix me-
talloproteinase and TIMP expression in cutaneous 
wound healing. Key words: extracellular matrix/matrix 
metalloproteinases / collage,,; wou"d healing/connective tis-
sue.] Invest DermatoI103:352-358, 1994 
form (10) , and immunohistochemical studies have demonstrated 
that low levels of presumably extracel lular matrix-bound coll agen-
ase are present in the normal dermis [11,12)' Significantly increased 
levels of immunoreactive collagenase have been found in dermis 
altered by the presence of neoplasms and inflammatory infiltrates 
(11 - 13]' Another matrix metalloproteinase is the 72-kDa gelatin-
ase, also known as type IV collagenase or MMP-2. This enzyme has 
been identified as a product of various cutaneous cells including 
fibroblasts [14] , keratinocytes [15], endothelial cells (16], and mon-
ocytes (17) . Substrates for the 72-kDa type IV gelatinase include 
collagens IV, V, VII, elastin, fibronectin, and proteoglycan core 
proteins (reviewed in (2)). This enzyme is expressed constitutively 
by most cell types in culture and in this setting appears to be only 
nioderately responsive to stimulators such as phorbol myristate ace-
tate and growth factors [2]. 
Perhaps surprisingly, investigations of the inhibitory molecule 
TIMP revealed a pattern of synthesis, secretion, and inununohisto-
chemical localization similar to that found for interstitial collagen-
ase [3,4,6- 8,12,18,19). TIMP is a 29-kDa glycoprotein that forms a 
tight complex with the matrix metalloproteinases [1,2,20]. A re-
lated protein, TIMP2, displays a higher affinity for the 72-kDa 
collagenase and may serve to regulate activation of this proenzyme 
[1 ,2,21,22]. TIMP is found throughout the body and appears to 
present a threshold of inhibition to prevent incidental matrix degra-
dation [3,4,23]' It is likely that matrix remodeling represents a com-
plex and dynamic balance among the forces of matrix macromole-
cule synthesis, degradation, and enzyme inhibition. 
We have previously presented a survey of the localization of 
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RNAs representing interstitial collagenase and TIMP in sections :r healing human burn wounds [24]. Labeling for collagenase and 
TIMP was quite prominent in epithelial cells at the burn margins. 
However, transcripts were de~ected onl~ in the leading t~p of ~e-
ithelializing cells representmg the mIgratory and proltferatlve ~~ratinocytes of epidermal repair. Hybridization signals were only 
very rarely detec~e~ within the hypert:ophic epid~rmis just adjacent 
to the re_epitheltaltzll1g wound margms, suggestmg that the re-es-
tablishment of an epithelial cover or reconstitution of the basement 
embrane zone may terminate collagenase and TIMP expression. ~gnals for transcri~ts represe~t.ing b~th p~oteins were .also dis-
played prominently 111 the survlvmg haIr folhcles and eccnne sweat 
tructures located within the wound bed. In the remodeling dermis ~nder1ying the burn eschar, cells expressing collagenase and TIMP 
were found first in a perivascular location and later throughout the 
. nterface zone between viable and non-viable dermis. A wide variety ~f cell types appeared to be labeled, including keratinocytes, fibro-
blasts macrophages, and endothelial cells. 
In ~his work, we sought to determine the utility of the porcine 
model of wound healing in studies that were focused upon the role 
of the matrix metalloproteinase family and their natural inhibitor, 
TIMP. Others have documented that porcine collagenase is in-
volved in the healing of partial and full-thickness surgical wounds 
and have described a peak of collagenolytic; activity that fell rapidly 
upon re_epithelialization of the wound [25]. Previous work has also 
shown that human-derived cDNA probes representing the matrix 
rnetalloproteinase family are sensitive and specific enough for use in 
the pig [26,27]. For these reasons, we used human-derived ribo-
probes representing collagenase, 72-kDa gelatinase, and TIMP to 
determine the distribution of their respective mRNAs in healing 
porcine burn wounds. 
MATERIALS AND METHODS 
SaD1ple Collection Partial-thickness burn wounds were induced using a 
copper template measuring 2.5 X 2.5 cm, which was he.ated to 350~F al~d 
applied to the skin for 1~ seconds ~t a pressure o.f approxllnatcly 3 pSI. .Skm 
from four pigs was exammed m thIS study. Spe~mlen~, up to 16 per anImal, 
were excised by scalpcl at day 6 post-burn. SpecImens II1cluded a contlguous 
area of partial-thickness ~urn w?und and it.s adjacent healing epithelial 
margin. Specimens were ImmedIately fixed 111 4% paraformaldehyde for 
24 h and embedded in paraffin. Sections (6-8 11m) were mounted 011 sili-
conized glass slides for study. 
Rihoprobe Preparation Complementary DNA inserts representing 
human fibroblast collagenase and human TIMP were subcloned into 
pGEM3Z (Promega, Madison, WI). TIMP cDNA, a 810-base-pair (bp) 
frag ment encompassing the entire coding region, was ligated into EcoR1-
digested pGEM3Z ([28], Syn~r~;Il, IIlC., ,~oulder, c:O). A probe for hUI?an 
interstitial collagenase (plasmId pCllase ) was obtamed from the Amencan 
Type Culture Collection and a 763-bp segment was amplified by polymer-
ase chain reaction (PCR) using the primer pair 5'-GTTGCGGCTCAT-
GAACTCGGCCAT and 5'-CCTGCAGTTGAACCAGCTA TTAGC. 
This segment begins at the zinc binding site of this metalloproteinase and 
includes much of the carboxy-terminal region of collagenase [29]. The 
riboprobe for human 72-kDa gelatinase was prepared by reverse transcrip-
rase-PCR using the primer pair 5'-GAATTCTGTCACTCCTGA-
GA TCTGCA and 5' -GAA TTCTGCTTCCAAACTTCACGCTC, both 
of which also incorporate EeoR1 sites at the 5' end [30]. A 569-bp fragment 
derived from the carboxy-terminal coding region of the 72-kDa gelatinasc 
cDNA was produced. Following amplification, the collagenase product was 
ligated directly into PCR1000 (Invitrogen, San Diego, CAl, excised ~ith 
EeoR1, and ligated into the pGEM3Z vector. After endonuclease dIgestIon, 
the PCR-amplified 72-kDa gelatinase insert was ligated into pGEM3Z. 
Thus, both matrix metalloproteinases and TIMP inserts were ligated into 
the polylinker region of plasmid pGEM3Z and were flanked by promoter 
regions for the T7 and SP6 RNA polymerases. Primers representing bases 
2660-2680 (5'-CGATTAAGTTGGGTAACGCq and the complement 
of 101-120 (5'-CAGGAAACAGCTATGACCAT) of the pGEM3Z vec-
tor were synthesized and used to amplify a sequence incorporating both 
polymerase promoters and the inserted DNA. 
After purification of the PCR products (NENSORB-20, New England 
Nuclear, Boston, MA), isotopically labeled RNA representing either strand 
was obtained using either the T7 or SP6 polymerase, as described (24). 
32P_UTP (3000 Ci/mmol) was incorporated for use with Northern blots; 
3sS_UTP (1000-1500 Ci/mmol, New England Nuclear) was incorporated 
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for use in ill situ hybridization. Typically, specific activities of 0.4 to 1.2 X 
109 cpm/llg template were obtained. Verification of the construct and deter-
mination of the sense and antisense orientation was accomplished by endo-
nuclease digestion and Northern hybridization using the labeled probes. For 
Northern analysis, total RNA was prepared from human dennal fibroblasts 
and 'porcine dermal fibroblasts stimulated for 24 h with 50 nM phorbol 
mynstate acetate [31]. After formaldehyde-agarose gel electrophoresis of 
10-lIg aliquots of totaI RNA and transfer to nylon membranes (Magna NT, 
Micron Separations, Inc., Westboro, MA), the 2.5-kb mRNA of interstitial 
collagenase, the 3.1-kb mRNA of72-kDa gelatinase, and the O.9-kb mRNA 
ofTIMP were. the only bands identified by their respective probes [28 - 30). 
J?NA sequencmg was als.o employed to verify the composition and orienta-
tIon of the 72-kDa gelatmase riboprobe. 
In Situ Hybridiza~ion. For it! situ hybridization all sections were subjected 
to protema~e K dIgestion and acetylation. Pre hybridization was accom-
plIshed dunng a 3-h Incubation at 42 · C with prehybridization solution 
consisting of 50% .fo[J~lamide, 0.3 M NaCI, 0.02 M Tris-HCI, pH 8.0, 
0.005 M ethylenedlanunetetraacetlc acid (EDTA) , 1 X Denhardt's solu-
tion, 10% dextran sulfate, 0.01 M dithiothreitol. Then, freshly labeled 
probe (20 III and 1.2 X 106 cpm per 100 III prehybridization solution) was 
added directly to the prehybridization solution and the slides were incubated 
at 50·C overnight in a chamber equilibrated with 4 X SSC and 50% form3-
mide in water. Hybridized sections were washed in 2 X SSC, 10 mM 2-
mercapto~thanol, and 1 mM ethylenedi~minetetraacetic acid (wash buffer) 
for 10 nun at room temperature, then Immersed in 20 IIg/ml RNAse A 
(Sigma Chemical Co., St. Louis, MO) in 0.5M NaCI, 0.01 M Tris-HCI, pH 
8.0, for 30 min at room temperatnre. After two washes at room temperature, 
the sections were sequentially nnsed for 5, 20, and 95 min at 55 · C in wash 
buffer modified to contain 0.1 X SSC. After two additional washes at room 
temperature in 0.5 X SSC the sections were dehydrated in a series of 50 -
100% ethanol baths containing 0.3 M ammonium acetate. The slides were 
then dried, dipped in photographic emulsion, and incubated at 4·C for 2 
weeks. Following development, toluidine blue was used as a counterstain to 
aid visualization of the tissue. Slides were examined under both bright- and 
dark-field conditions. 
Evaluation of Tissue Sections Histologic features noted included the 
presence of necrotic tissue, regenerating epithelia, and granulation tissue. 
The presence and localization of acute and chronic inflammatory infiltrates 
was noted. All tissues were hybridized with both sense and antisense ribo-
probes to confirm specificity. Signals for both matrix metalloproteinases and 
~IMP often ~ielded ~n~ense foci of silver grains; quantitation of hybridiza-
tion by countIng IndIVIdual grams was not feasible. 
RESULTS 
Validation of Htunan-Derived Riboprobes for Use in the 
Porcine Model of Wound Repair cDNAs representing human 
interstitial collagenase, 72-kDa gelatinase, and human TIMP were 
successfully sub cloned into the riboprobe vector pGEM3Z and vali-
dated as described in Materials and Methods. From these riboprobe 
co.nst~cts, tel~plates for transcription were prepared by peR am-
plificatIon. Altquots of these template preparations were also la-
beled using the randon~ priming technique and used to probe 
Northern blots representmg total RNA derived from PMA-stimu-
late~ porc~e dermal fibroblasts. As seen in Fig 1, single mRNA 
sp.eCles of sIzes analogous to their human counterparts were ob-
tamed for all three probes [28 - 30]. These data indicated that the 
hum.an-derived ribopro.bes were sufficiently specific for use in the 
porcme system; accordll1gly, both sense and antisense transcripts 
were labeled through incorporation of 35S_UTP for use in ill situ 
hybridization studies of healing porcine burn wounds. 
~en~ral Fi.ndings Distinct hybridization signals were detected 
m skll1 obtall1ed from three of the four animals studied. Moreover, 
examination of specimens taken from separate wounds (up to 16) on 
the same an.imal revealed a consistent pattern of hybridization re-
sult.s. We dId note a general decrease in the strength of the signal 
wluch appeared to be positively correlated with the age of the paraf-
fin block. Blocks older than 6-12 months produced weaker and 
more erratic results. Sections of skin distal to the wound site and 
histologically normal in appearance did not produce detectable hy-
bridization signals (data not shown) . 
Epithelial Expression of Interstitial Collagenase and 
TIMP Silver grains indicating the presence of transcripts for in-
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Figure 1. Human cDNA probes representing collagenase, 72-kDa 
gelatinase, and TIMP retain their respective specificities when hy-
bridized to porcine mRNAs. Total RNA was extracted from porcine 
dermal fibrobl asts and 10-.ug aliquots were subjected to electrophoresis in 
1 % agarose , transferred to nylon, and probed with cDNAs representing 
collagenase, 72-kDa gelatinase, and TIMP. Asterisks at the side oj each laue, 
locations of the 28s (- 5 kb) and 18s (- 2 kb) ribosomal RNAs. Laue A, 
interstitial collagenase, - 2.5 kb; lane B, 72-kDa gelatinase, - 3.1 kb; and laue 
C, TIMP, - 0.9 kb. 
terstitial collagenase and TIMP but not the 72-kDa gelatinase were 
readily detected in interfollicular and follicular epithelium. No la-
beling was noted when sections were incubated by control (sense) 
probes, nor were signals detected in histologically normal epithe-
lium distal to the wound site. As depicted in Fig 2A,B, dark-field 
microscopy revealed labeling for both interstitial collagenase and 
TIMP at the advancing margin of the surviving interfollicular epi-
thelium and in the follicular keratinocytes. Although the signals 
produced by both probes were easily detected, those for collagenase 
appeared to be somewhat more intense and more sharply localized 
to the basal keratinocytes abutting the dermal connective tissue. 
Figure 2C represents a tongue of epithelium migrating underneath 
eschar. This bright-field image clearly demonstrates the intense foci 
of col lagenase transcripts seen within advancing epithelial margins. 
Follicular epithelia surviving within the wound bed were often 
marked by very intense labeling for both interstitial collagenase and 
TIMP within the outer root sheath keratinocytes of the hair follicl e, 
as well as in the surrounding dermis (Fig 2A,B,E,F). 
Dermal and Subcutaneous Tissue Expression of Collagenase, 
72-kDa Gelatinase, and TIMP Transcripts representing inter-
stitial collagenase, 72-kDa gelatinase, and TIMP were detected 
throughout dermal and subcutaneous tissues underlying the wound 
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bed. Minimal to no labeling was produced with the control sense 
probes, and histologically normal dermis , dermal structures, and fat 
distant to the wound bed also did not produce hybridization signals. 
Intense dermal labeling of transcripts representing the 72-kDa gel a-
tinase was found only in the remodeling dermis adjacent to regener-
ated epithelium at the wound margins (Fig 2D). Although tran-
scripts for the 72-kDa gelatinase also could be found throughout the 
dermal and adipose tissues underlying the wound bed (Fig 3G,H), 
labeling in these areas rarely approached the uniformity and inten-
sity seen in more superficial locations. Labeling for interstitial colla-
genase and TIMP was easily detected throughout the involved der-
mal and subcutaneous tissues (Figs 2E,F and 3A -F) . Intense foci 
of signals for both transcripts were present in the dermal connective 
tissue surrounding surviving follicu lar structures (Fig 2E,F) and 
often appeared in and around smal l vessels (Fig 3E). I~ury to larger 
vascular structures also induced transcripts for interstitial collagen-
ase and TIMP (Fig 3A,B); however, almost invariably the intensity 
of the TIMP signal was higher. 
Although transcripts were often more ev ident surround ing sur-
viving hair follicles (Fig 2E,F), damaged large vessels (Fig 3A,B), 
and in a perivascular pattern about small vessels (Fig 3E), promi-
nent staining was also evident in cel ls scattered throughout the 
dermis. Figure 3C demonstrates such a pattern, which clearly out-
lines the demarcation between nonviable and viable dermis. Figure 
3G is a bright-field image of a field of dermal connective tissue 
containing numerous spind le-shaped cells clearly labeling for 72-
kDa gelatinase transcripts. These patterns are also common to 
TIMP (not shown). 
With the use of the porcine model of wound repair, subcutaneous 
tissues were also available for study. Figure 3D demonstrates that 
transcripts for interstitial coll agenase were clearly detected in 
dermis, neighboring adipose tissue, and in ad ipose tissue effaced by 
an inflammatory infiltrate. Sections labeled for TIMP transcripts 
revealed relatively intense signals in the connective tissue/vascular 
network surrounding fat cells. III situ signals for the 72-kDa gelatin-
ase were also present in the subcutis; however, their intensity was 
uniformly less than that seen with the other probes (Fig 3H). 
DISCUSSION 
Burn wounds represent an acute inflammatory condition chancter-
ized by the presence of stimulators of matrix metalloproteinase and 
TIMP production, including heat shock, cytokines, and perhaps 
other unknown factors [1 ,2,32]. Our studies of the expression of 
collagenase, 72-kDa gelatinase, and TIMP in healing porcine burn 
wounds demonstrate that a diverse population of epidermal, dermal, 
and subcutaneous cel ls are intensely involved in the process of ma-
trix degradation. The present findings confirm our previous studies 
in human burn wounds [24]; additionally, we have included infor-
mation on the expression and distribution of 72-kDa gelatinase 
mRNA in acute wound healing. Moreover, the present studies 
strongly suggest that the porcine model represents a versatile and 
powerful platform on which to systemically examine the role of 
matrix metalloproteinases and their inhibitors in wound healing. 
Our available panel of antihuman antisera did not adequately cross-
react with porcine collagenase or TIMP to allow companion im-
rnunohistochemical studies. Because these proteins are generally 
synthesized and promptly secreted, the use of ill situ hybridization 
remains the optimal method to determine the sites of synthesis of 
these proteins. 
Our data indicate that the expression of collagenase, 72-kDa gel-
atinase, and TIMP is tightly regulated during wound repair. All 
three riboprobes produced intense signals within the wound bed; 
however, little if any labeling was detected in the epidermal, der-
mal, and subcutaneous regions of the sections distal to the injured 
tissue. Within the area of trauma, the surface cells engaged in the 
process of re-epithelialization displayed the most discrete expres-
sion pattern. Intense labeling for collagenase and TIMP, but not 
72-kDa gelatinase, was a common feature of the basal keratinocytes 
comprising the advancing margins. However, epidermal cells adja-
cent to this zone displayed little if any labeling. Examinations of 
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Figure 2. Expression of collagenase, 72-kDA gelatinase, and TIMP transcripts in epithelial and peri-epithelial locales of the healing burn 
wound. Silver grains marking positive ill silll hybridization signals are seen as white areas in dark field exposures (A,B,D) and as brown to black areas in 
bright-field exposures (C,E,F). A, Intense areas of hybridization to collagenase transcripts (arrows) are seen as white areas demarcating the basal keratinocytes 
of a re-epithelializing margin (e) advancing from the lift of the picture. Similar intense label ing is seen at the margins of the hair follicle (hf) to the righl. 
Dark-field exposure, size bar, 50 /1m. B, In a serial section to A, considerably less intense signals for TIMP mRNAs (arrows) are noted along the epithelial tip (e) 
advancing from the righl. The hair follicle (hf) is also labeled for TIMP constructs but in a somewhat more diffuse pattern than that seen in A. Dark-field 
exposure, size bar, 50 IJ.m. C, This bright-field image demonstrates intense foci of hybridization to collagenase mRNAs (arrows) located in the basal 
keratinocyte layer of an epithelial margin (e) advancing underneath the nonviable eschar (esc). Note the loss of signal with increasing distance from the distal 
eip. Size bar, 50 /1111. D, The highest labeling of72-kDa gelatinase mRNAs occurred just beneath the regenerating epidermis (e) at the wound margin (arrows) . 
Little specific labeling was found in any epithelial structures. Bright-field exposure, size bar, 50 pm. E,F, Surviving hair follicles (hf) structures within the 
wound bed often formed intense areas of hybridization to both collagenase and TIMP mRNAs, respectively. Bright-field image, size bars, 100 pm. 
keratinocyte expression of collagenase and TIMP in tissue culture 
indicated that growth of this cell type on collagens I and IV was 
stimulatory, whereas inhibition of expression of both proteins was 
seen on plates coated with laminin [33]. It is possible that a simi lar 
inhibitory signal is also expressed ;11 11;110 upon reconstitution of the 
basement membrane zone. Labeling of follicular structures for 
collagenase and TIMP was a prominent feature in the wound bed. In 
fact, signals within and immediately surrounding surviving hair 
follicles often formed the most intense foci of labeling. Persistent 
expression in the follicular epithelium may arise from prolonged 
exposure to damaged dermal connective tissues, a more stimulatory 
cytokille environment, or differing regulatory mechanisms in the 
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Figure 3_ Dermal and subcutaneous regions of the ~ealing bur~ wound display prominent hybridization signals for colla~enase, 72 kDa 
gelatinase and TIMP. A,~, Large vascular structures (v) In the subcutIs underlYlllg the wound bed surrounded by II1filtratll1g cell populatlO~s are actively 
engaged in matrix remodehng, as demonstrated by these bright-field exposures revealll1g labehng for collagenase (A) and TIMP (B) transcnpts. Size bars, 
25 pm. C, Silver grains marking sites of collagenase and TIMP mRNAs often demarcated areas of viable dermis from the overlying eschar (arrows), as 
demonstrated in this section labeled with the collagenase probe. Bright-field exposure, size bar, 50 Jim. D, Cells infiltratillg the adipose tissue in the 
subcutaneous tissue underlying the wound bed were also frequently labeled. In this section, collagenase transcripts arc evident in the connective tissue network 
surrounding islands of fat cells and in the inflammatory infiltrate effacing this network. Bright-field exposure, size bar, 50 Jim. E, Labeling for collagenase and 
TIMP is often found in and around small vessels. Here, intense foci of si lver grains representing TIMP mRNAs almost obscure a small capillary (c) running 
from the upper left to the lower rigltt comers of the photograph. Bright-field exposure, size bar, 25 Jim. F, In this bright-field exposure, the delicate connective 
tissue/vascular network surrounding islands of adipose tissue in the deep dennis is intensely labeled for TIMP mRNAs. Size bar, 50 Jim. C,H, Transcripts for 
the 72-kDa gelatinasc (arrowheads) may also be found in dermal connective tissues overlying fairly typical spindle-shaped fibroblast-like cells (C) and around 
adipocytes at the interface of the dermis and hypodermis (H). Bright-field exposures, size bars, 100 Jim. 
follicu lar versus the marginal surface epithelium. Taken together, 
these data suggest that, in the context of a healing burn wound, 
expression of collagenase and TIMP by keratinocytes is limited to 
regions characterized by increased cellular locomotion and in-
creased fluidity of the basement membrane. 
It was of great interest that transcripts for the 72-kDa gelatinase 
were easily detected in the dermal and subcutaneous regions of the 
burn wound (Fig 2D,G,H) but were not detectable in neighboring, 
histologically unaffected regions distal to the wound site. These 
findings are consistent with those described in ill situ hybridization 
studies of various human bullous disorders in which the preponder-
ance of72-kDa message was found in dermal and endothelialloca-
tions [34] . Although others have described this enzyme in keratino-
cytes [15,34]' we detected very little specific labeling in epithelial 
structures, particularly in relation to the intensity of signals seen 
elsewhere. Transcripts of 72-kDa gelatinase have been detected in 
the resurfacing epithelium derived from various human bullous 
disorders [34] ; thus, the lack of strong epithelial signals for this 
transcript in the pig may be characteristic of this species or may arise 
due to technical differences in riboprobe construction and use. 
However, very intense labeling was found in the granulation tissue 
adjacent to the resurfacing epithelium at the burn margins. The 
72-kDa gelatinase appears to be a constitutive product of many cell 
types and only weak stimulation occurs upon exposure to agents 
such as phorbol myristate acetate, which are known to strongly 
induce expression of the other members of the matrix metallopro-
teinase family [2]. On the other hand, transforming growth factor-
p, which suppresses the transcription of collagenase and stromelysin 
1, upregulates 72-kDa gelatinase production two- to four-fold 
[15,35,36]. Taken togethel> these data s.uggest tha~ very significant 
regulation of72-kDa gelatll1ase expression occurs ll1 the context of 
the healing wound. 
Transcripts for the matrix enzymes and TIMP are detected 
throughout the wound bed and may serve to demarcate the regions 
of viable and non-viable tissues. It is often difficult to identify with 
certainty the specific cell type labeled; however, spind le-shaped 
cells typical of fibroblasts were evident, as were cells displaying the 
morphologic features of macrophages. One major advantage of the 
porcine model lies in the ability to sample the subcutaneous tissues 
underlying the wound bed. In deeper partial-thickness burn 
wounds, damage often extends to this region and even large vessels 
located at this level appear to be engaged in matrix remodeling. 
Moreover, the vascular and connective tissue network surrounding 
the fat cells was often intensely labeled for transcripts representing 
collagenase, 72-kDa gelatinase, and TIMP. In the remodeling 
dermis and subcutaneous tissues, it is likely that resident fibroblasts, 
histiocytes, and endothelial cells supplemented by recruited inflam-
matory cells participate in the expression of matrix metalloprotein-
ases and TIMP. 
In this work, we have demonstrated that human-derived ribo-
probes for the matrix metalloproteinases collagenase and 72-kDa 
gelatinase and their inhibitor, TIMP, are sufficiently sensitive and 
speci fic for use in the porcine model of wound healing, as was 
shown earlier in studies using a human stromelysin 1 cDNA probe 
[26,27]. The inherent advantages of this animal model of wound 
healing are many. Multiple, reproducibly generated wounds may be 
created that yield ample quantities of tissues for study. This model is 
well characterized and forms the basis for a large body of wound-
healing research. It is worthy of note that differences do exist be-
tween human and pig skin. For example, wounding of pig skin, like 
that of most mammals, does not produce the debilitating patterns of 
scar formation that are the negative hallmarks of human wound 
repair. The bas is for this difference is not fully understood; investi-
gations into the mechanics of matrix remodeling may provide an 
answer. Future exploitation of this model system should provide 
information on the spatial and temporal patterns of matrix metallo-
proteinase and TIMP expression in normal wound hea.ling and that 
modified by wound dressings and the application of cytokines or 
other pharmacologic agents active in wound healing. 
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